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SPECIFICATIONS 

1. Title of Invention 

Alkaline Storage Battery and Zinc Electrode Therefor 

2. Scope of Claims 

(1) A zinc electrode, for use in an alkaline storage battery, which is made up of a 
metallic zinc substituted with at least one type of indium or thallium on the surface 
thereof and has an average particle size of 10 or more, and a zinc oxide having an 
average particle size of 1 |xm or less. 

(2) An alkaline storage battery consisting a zinc electrode which is made up of a 
metallic zinc substituted with at least one type of indium or thallium on the surface 



thereof and has an average particle size of 10 or more and a zinc oxide that has an 
average particle size of 1 \xm or less, a positive electrode, and an alkaline electrolyte. 

3 . Detailed Description of Invention 

(a) Field of Industrial Use 

The present invention is related to a zinc electrode, for use in an alkaline storage 
battery, which uses zinc as its active substance, and an alkaline storage battery 
incorporating the same, which is used in nickel - zinc storage batteries, silver - zinc 
storage batteries, and the like. 

(b) Prior Art 

The zinc that is used as the active material in negative electrodes is highly 
beneficial since it possesses a high energy density per weight unit and is inexpensive. 
An alkaline storage battery containing zinc possesses a high density of energy, produces 
a high moving voltage, and as such has given rise to expectations for the development 
of a new type of battery unit. 

Nevertheless, when a this type of alkaline zinc storage battery is repeatedly 
charged and discharged, the shape of the negative electrode active material is 
transformed, and this in turn causes a reduction in the capacity of the battery. Metallic 
zinc is added as a discharge reserve to the negative electrode active material in order to 
maintain the capacity of the negative electrode as the active material changes shapes. A 
method for including metallic zinc as a discharge reserve in the negative electrode 
active material was disclosed in Japanese Patent Publication No. 59 - 42775. Namely, 
this patent described a zinc electrode which consisted of an additive such a indium or 
the like, a metallic zinc powder with an average particle size of 1 to 6 jam, and a zinc 
oxide powder with an average particle size of 0.1 to 0.5 fxm. Under this method, the 
additive generated hydrogen and inhibited the growth of dendritic crystals, while the 
high mixture of zinc oxide powder and metallic zinc powder produced a zinc electrode 
with strong cyclical characteristics. 

Nonetheless, the electrical conductivity becomes too great at the matrix of the 
active material when a fine metallic zinc powder is used, and the reaction at the surface 
of the electrode begins to dominate. This is not a problem when recharging is 
conducted at a sufficiently low current value, but when a rapid recharge is conducted 
outside the normal cycle, the reaction concentrates on the surface of the electrode, and 
as such the adhesion between the active material and the collector is negatively affect, 
while high densification advances on the surface of the zinc electrode, causing a 
reduction in battery performance. 

This problem may be resolved through preliminary charging and discharging at 
low current values, but the necessity of such an operation in itself is problematic. 

A zinc electrode which can endure rapid charges requires an electrode structure 
which consists of additives, a zinc oxide powder, and a comparatively larger metallic 
zinc powder. If the metallic zinc powder contains sufficiently large particles, the 
contact between the powder deteriorates, resulting in a less than large electrical 
conductivity at the matrix of the active material. As such, the reaction advances from 
the adhesion surfaces of the collector and active material, even with the initial rapid 



charge, and high densification does not occur on the thin film of the active material or 
the surface of the zinc electrode, as it did in prior art. 

(c) Issue Addressed by Invention 

Metallic zinc powder with a large particle size is susceptible to the formation of 
dendritic crystals, resulting in short circuits within the battery. To resolve this, the 
metallic zinc may take the form of an alloy with indium, lead, tin, cadmium, thallium, 
or the like, as disclosed in Japanese Patent Publication No. 53 - 85349. Nonetheless this 
in itself does not sufficiently inhibit the formation of dendritic crystals. 

The present invention takes into consideration the foregoing issues, and seeks to 
provide a zinc electrode for use in an alkaline storage battery which sufficiently inhibits 
the development of dendritic zinc even under harsh conditions, such as rapid recharges 
or the like, and provide an alkaline storage battery with strong cyclical characteristics. 

(d) Means Taken to Address Issue 

The zinc electrode for use in an alkaline storage battery as detailed in this 
invention consists of a metallic zinc substituted with at least one type of indium or 
thallium on the surface thereof and having an average particle size of 10 or more, 
and a zinc oxide having an average particle size of 1 ^m or less. 

Furthermore, the alkaline storage battery of the present invention consists of a 
zinc electrode made up of a metallic zinc substituted with at least one type of indium or 
thallium on the surface thereof and having an average particle size of 10 jam or more 
and a zinc oxide having an average particle size of 1 (jm or less, a positive electrode, 
and an alkaline electrolyte. 

(e) Effect 

When either indium or thallium are present in the surface of a metallic zinc, the 
overvoltage (load transfer resistance) of the adhesion reaction increases in the metallic 
zinc on this surface. This action results in an electro deposition on the zinc electrode, 
which inhibits the formation of dendritic zinc. 

In an alloy powder produced by dissolving metallic zinc with indium or 
thallium, the indium or thallium exists in the bulk of the powder, but not at the powder 
surface, and as such the effect of the foregoing action is extremely slight in comparison 
with the present invention. 

A metallic zinc powder which has the surface substituted with indium or 
thallium makes it difficult to develop dendritic crystals, and as such it is possible to use 
a metallic zinc powder with large particle size. In addition, the electrical conductivity at 
the matrix of the active material does not become too great. This results in a zinc 
electrode which does not lose its characteristics, even when rapidly charged at the 
beginning of a cycle. The use of such a zinc electrode improves the cyclical 
characteristics of an alkaline storage battery. 

(f) Example Embodiments 
(Example Embodiment 1) 

Metallic zinc particles with an average size of 20 are dunked in a 0.1 mol 
indium chloride solution for two hours, then filtered out. Next the particles are dunked 
and rinsed in a 0.1 mol sodium hydroxide solution, and then desiccated to produce a 



metallic zinc powder with indium added to the surface thereof. At this point in time the 
amount of indium added (substituted) is approximately 0.5% the weight of the metallic 
zinc powder. 

Next, metallic zinc particles with an average size of 20 jxm are dunked in a 0.03 
mol thallium chloride solution for two hours, filtered out, then dunked and rinsed in a 
0.1 mol sodium hydroxide solution, and then desiccated to produce a metallic zinc 
powder with thallium added to the surface thereof. At this point in time the amount of 
thallium added is approximately 0.5% the weight of the metallic zinc powder. 

In addition, metallic zinc particles with an average size of 20 ixm are dunked in 
a 0.03 mol thallium chloride solution for two hours, then dunked for an additional two 
hours in a 0.1 mol indium chloride solution, then thereafter undergo an identical 
operation to produce a metallic zinc powder with 0.5% indium and 0.5% thallium added 
thereto. Furthermore, a metallic zinc powder with indium, thallium and lead is 
produced in a similar manner. 

Each of these metallic zinc powders are mixed with zinc oxide and an indium 
hydroxide additive at a mixture ratio of 30 : 68 : 2, then undergo PTFE dispersion, have 
water added thereto, and are mixed to produce a paste. This paste is pressure applied to 
the collector to produce a zinc electrode. The average particle size of the zinc oxide 
used therein is 1 |im or less, and under normal conditions these types of particles are 
used. The zinc electrode using the metallic zinc substituted and added to with indium is 
zinc electrode A of the present invention. The zinc electrode using the metallic zinc 
substituted and added to with thallium is zinc electrode B of the present invention. The 
zinc electrode using the metallic zinc substituted and added to with indium and thallium 
is zinc electrode C of the present invention. And the zinc electrode using the metallic 
zinc substituted and added to with indium, thallium and lead is zinc electrode D of the 
present invention. In addition, the zinc electrode using the metallic zinc not substituted 
or added to with indium or thallium, and having an average particle size of 20 jim is 
zinc electrode E of the comparison example. 

These zinc electrodes are combined with sintered nickel electrodes, to produce 
ten cylinder sealed nickel zinc batteries each. These make up batteries a, b, c and d of 
the present invention, and battery e of the comparison example. 

Next batteries a through e undergo charge and discharge cycle testing. The 
charging and discharging conditions call for repeated rapid charges in the form of a 
120% charge at a current of 1C, and a subsequent 100% discharge at a current of 1C. 
The cycle life is determined when battery capacity falls to 60% its initial capacity. 

Table 1 lists the cycle lives for batteries a through e, using zinc electrodes A 
through E under the foregoing conditions. 

Table 1 





Zinc Electrode 


Cycle Life (No. of Cycles) 


Battery a of present invention 


A: indium added 


385 


Battery b of present invention 


B: thallium added 


385 


Battery c of present invention 


C: indium & thallium added 


410 


Battery d of present invention 


D: indium, thallium & lead added 


400 


Battery 3 of comparison example 


E: unprocessed zinc used 


55 I 



As illustrated in Table 1, batteries a through d of the present invention all 
recorded lives in excess of 300 cycles, while battery e of the comparison example 
recorded an extremely short life of only 55 cycles. This is likely because the metallic 



zinc without indium or thallium added thereto and with relatively large particle size, 
acts as the core for the development of dendritic crystals, causing internal short circuits. 
(Example Embodiment 2) 

Metallic zinc powders with average particle sizes of 2 pm, 5 jxm, 10 jim, 20 ^im, 
50 |om, 100 (xm and 200 \im respectively are produced using the same method employed 
in Example Embodiment 1, with each having 0.5% indium and 0.5% thallium added to 
surfaces thereof. 

Zinc electrodes and test batteries are prepared using the same methods as above, 
and the cycle lives of these batteries are tested in the same manner as in Example 
Embodiment 1. We then evaluated the particle size of the metallic zinc powders with 
indium and thallium added thereto based on cycle lives, and the results of these 
evaluation are contained in Fig. 1 . 

As shown in Fig. 1, the average particle size of the metallic zinc powder which 
produced the best results, even in rapid charging tests, was 10 or less. Even at a 
large particle size of 200 \un, the growth of dendritic crystals is sufficiently inhibited as 
long as the metallic zinc powder has indium and thallium added to the surface thereof. 

(g) Effect of Invention 

According to the present invention, even under harsh conditions, such as rapid 
charging or the like, the growth of dendritic zinc from the zinc electrode is inhibited to 
provide an alkaline battery with strong cyclical properties. As such the present 
invention has a high industrial value. 

4. Brief Description of Drawings 

Fig. 1 is a graph illustrating the relationship between the average grain diameter 
of the metallic zinc powder forming the zinc electrode of the present invention, and the 
cyclical life of a storage battery. 

Fig. 1 

Vertical axis: Cycle Life (Number of Cycles) 

Horizontal axis: Average Grain Diameter of Metallic Zinc Powder (\un) 
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